This paper investigates what is needed to make climate and weather information more usable for the wildlife management practitioners and ecological researchers in the Prairie Potholes Region (PPR) of the North Central United States. Using interviews, policy document analysis, and participant observation, we identify climate and weather information needs, barriers to use, and opportunities to provide better information to these users. We found that the research and management communities need guidance on how to interpret and apply existing information. Climate information needs in the PPR are driven by the need to understand how projected changes in precipitation will impact prairie wetland ecology. Primary needs include guidance towards selecting, interpreting, and using various climate information products to understand impacts and explanations of the differences between new products and previously available information. Another need includes information on how the societal responses to climate change will further impact ecological systems. Existing management priorities, limited institutional resources, and limited ecological data are remaining barriers that can be ameliorated by leveraging existing policy processes or trusted sources of information to provide guidance, thereby reducing time and costs associated with using climate information in wildlife policy planning. Throughout, we emphasize the importance of the social and ecological aspects of the decision-making context to shape climate information needs, barriers, and entry points. Additional research is needed on the diverse ways that users engage with and use climate information, and additional efforts are needed to co-produce guidance documents that interpret climate information for management and research communities.
Introduction
The Prairie Pothole Region (PPR) in the north-central Great Plains is one of the most threatened waterfowl habitats in the USA due to habitat fragmentation and degradation. How climate change will impact the ecology and hydrology of prairie grassland and wetland habitats in the PPR in the coming decades is a key question for wildlife management practitioners as they consider where to site long-term conservation actions. The importance of climate information to assess species and ecosystem vulnerability as part of comprehensive adaptation planning is welldocumented (Association of Fish and Wildlife Agencies 2012; Glick et al. 2011; Heller and Zavaleta 2009; Mawdsley et al. 2009; Stein et al. 2014; West et al. 2009 ). State and federal natural resource managers recognize the importance of adapting management strategies to climate change, but report that use of climate information Editor: Nicolas Dendoncker Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10113-019-01474-y) contains supplementary material, which is available to authorized users.
is limited and that available climate information does not meet their needs (Ellenwood et al. 2012; Lemieux et al. 2013; Olliff and Hansen 2016) .
As part of a larger project motivated by the urgency of the conservation issues in the PPR and the complex and sometimes conflicting information about the future climate (e.g., Ballard et al. 2014) , the goal of this paper is to support the development of usable climate information for state-and regional-level personnel involved in wildlife management in the PPR and who are responsible for integrating climate change into state and regional conservation policy planning. We focus on observed and projected precipitation and temperature data presented in academic papers, reports (e.g., IPCC 2010; National Climate Assessment 2010), and climate viewers and portals (e.g., Climate Wizard, USGS Geodata Portal; Blodgett et al. 2011 ) that can be used to understand the implications of projected changes for habitats, species, and ecological communities. We also discuss information needs pertaining to how climate change will impact future natural variability and extremes.
There is a growing literature concerning climate and weather information needs and how to make climate and weather information more useful for natural resource managers and decisionmakers. Users often have difficulty understanding and applying available climate information products (Archie et al. 2012; Barsugli et al. 2012; Dilling and Berggren 2014; Kemp et al. 2015; Maurer et al. 2014) or understanding the interplay between old and new climate information (Lemos et al. 2012) . Thus more effective communication and guidance on using climate change information is needed, including clarification on the range of possibilities, or uncertainty, in future climate projections (Dilling and Berggren 2014; Ray et al. 2018) .
Natural resource managers also need climate projections on geographic and temporal scales appropriate for addressing management questions (Archie et al. 2012; Barsugli et al. 2009; Berggren 2012; Gonzalez 2011; Jantarasami et al. 2010) . Additional observational data and historic datasets are needed to establish baselines against which to measure and monitor change and to conduct vulnerability assessments for adaptation planning (Berggren 2012; Glick et al. 2011; Gonzalez 2011) . Users also need additional information on potential climate change impacts (Berggren 2012; Briley et al. 2015) , for example, tools that link ecological processes and climate models, that provide the ecologically-relevant variables (Ray et al. 2018) , or that include GIS-compatible data (Theoharides et al. 2009 ). To meet information needs for particular users, it is necessary to describe what credible, salient, and legitimate climate information actually means for particular users or when applied to specific management questions (Cash et al. 2002; Snover et al. 2013) .
This paper contributes to the understanding of how social and ecological contexts shape climate information needs, particularly how context influences how user groups access and use (or might use) climate information. Additionally, we highlight how users' previous encounters with climate information shape both how they perceive new information and their need for guidance on selecting and applying it. We describe the climate and weather information needs for the PPR and the implications beyond the region, as for example Dilling et al. (2015) do for the western USA. We then describe the remaining barriers to using climate change information in the PPR. We conclude by discussing opportunities, or entry points (Ray and Webb 2016) , for the climate science community to engage with the wildlife management community and ecological researchers to better meet these needs. First, however, we describe the social and ecological decision-making context of the PPR in order to foreground our discussion of climate information needs.
Context of the prairie potholes region
Understanding the ecological, social, and climate context in which wildlife management decisions are made in the PPR is key to understanding information needs. The PPR stretches over 300,000 mi 2 in Iowa, Minnesota, South Dakota, North Dakota, and Montana and northward into Canada (Fig. 1) . The wetlands and grasslands of the PPR are one of the most productive areas in the world for breeding waterfowl, and are an important habitat for a number of other species, including migratory grassland and shore birds, mule deer, pronghorn antelope, and numerous fish and amphibian species (Dyke et al. 2015 ; South Dakota Department of Game, Fish and Parks 2014) . Between 50 and 80% of North American ducks breed in the PPR, and the number of waterfowl is closely associated with the number and quality of wetlands and surrounding grasslands, which in turn depend upon the timing, amount, and spatial distribution of precipitation (Dyke et al. 2015; Johnson et al. 2005; Ostergren 2003) . The majority of the precipitation in the PPR falls in April thru July (50-60%), coinciding with the waterfowl breeding season.
Practitioners in the wildlife management community in the PPR must deal with immediate threats to many of the species and ecosystems within their jurisdictions. These critical management issues (Ray and Webb 2016) include plowing of native prairie and expansion of corn agriculture, the rapid development of the oil and natural gas industry, and the draining or consolidation of wetlands, all of which have reduced grassland and wetland habitats at a time when federal funds to support conservation easements on private lands via the Conservation Reserve Program (CRP) are decreasing. These competing management priorities vie for limited institutional resources with longer-term issues like climate change (Archie et al. 2012; Theoharides et al. 2009 ). Historically characterized by tall-, mixed-, and short-grass prairie punctuated by approximately 5-8 million permanent, semi-permanent, and seasonal wetlands, wetland loss since European settlement began in the 1870s has been significant: over 90% of wetlands in Minnesota have been drained; 89% in Iowa; 49% in North Dakota; 35% in South Dakota; and 27% in Montana (Millett et al. 2009 ). These areas include some of the most productive waterfowl habitats in the region (Johnson et al. 2010) . The majority of land in the PPR is owned privately, so wildlife managers must collaborate with private landowners and nonprofit organizations to conserve prairie wetlands and grasslands and meet federal and state conservation targets. Federally funded conservation easements via the CRP are revisited every 10-15 years and are a major tool for encouraging conservation on private land (Doherty et al. 2013; Reynolds et al. 2001) . Spatially explicit climate information about future impacts on the spatial distribution of wetlands and waterfowl breeding sites could help ensure that these easements are located in areas that can support waterfowl and other key species in the future.
The climate of this region is spatially and temporally complex. The PPR is characterized by an east-west precipitation gradient, being drier in the west and wetter in the east (Kunkel et al. 2013; Millett et al. 2009; Shafer et al. 2014 ). The region is also characterized by extremes in weather, large seasonal variability, and decadal drought and deluge cycles (Millett et al. 2009; Winter and Rosenberry 1998) . These wet and dry cycles and the inter-annual variation in the seasonal period of high water levels in spring and summer-known as the hydroperiod-impact vegetation cycles in the potholes (Beeri and Phillips 2007; Johnson et al. 2005) . The spatial distribution, size, and depth of the seasonal potholes in the spring and summer, and the type and quality of the surrounding grassland vegetation, affect migration patterns and the availability of food and nesting sites for waterfowl and other dependent species.
There has been an evolving understanding of the future climate of the region, how climate change will impact natural variability (Ballard et al. 2014; Kunkel et al. 2013) , and the implications for grassland and wetland management (e.g., Reese and Skagen 2017; Sofaer et al. 2016) . A recent wet trend beginning in the mid-1990s and lasting nearly two decades brought above-average precipitation to the PPR. This wet trend has been attributed to natural variability, but some models indicate that the overall E-W precipitation gradient may be steepening (Ballard 2014; Millett et al. 2009; Shafer et al. 2014) . Understanding the management implications for these medium-and long-range changes in precipitation is key for adaptation planning. Understanding the social and ecological context clarifies the type and timing of climate information that would be useful for natural resource management. The complex hydroperiod of the PPR demonstrates the importance of considering the combined effects of future changes in both precipitation and evaporative demand (e.g., Ballard et al. 2014 ). This information is vital during the April through July waterfowl breeding season, which does not necessarily align with the traditional annual or seasonal timeframes in which climate information is often presented. Understanding this context is a necessary first step towards identifying and meeting climate information needs.
Methods
This study used key informant interviews, participant observation at two regional workshops, and policy document analysis of State Wildlife Action Plans (SWAPs) to solicit information about climate information needs, barriers to use, and potential entry points. These three data streams represent different but complementary perspectives from practitioners in the wildlife management community and ecological researchers in the PPR. The use of multiple methods, or triangulation, increases the internal validity of qualitative results by allowing for comparison between the different data streams (Bernard 2005; Reinharz 1992 ).
Based on initial conversations with personnel working with state and federal agencies to improve climate information provision in the region-including Landscape Conservation Cooperative staff and NOAA's Regional Climate Service Director-we narrowed our focus to identifying the climate information needs to support wildlife and habitat management in the wetlands and grasslands of the PPR. We used a purposive (intentional) sampling technique (Bernard 2005) to select 16 individuals for key informant interviews. Interviewees were selected based on their role in making state or regional wildlife management policy decisions and/or their experience using climate data to support these decisions. Interviews were conducted between July and December 2014 and consisted of nine open-ended questions with conditional prompts and follow-up questions (Online Resource 1). This approach enabled us to collect comparable data while also allowing interviewees to identify and discuss additional topics that were important to them.
The selected individuals from state and federal agencies and two non-profits are representatives of practitioners in the PPR wildlife management community. We interviewed federal agency staff from the US Fish and Wildlife Service (n = 5), US Forest Service (n = 1), US Department of Agriculture (n = 1), and the Environmental Protection Agency (n = 1), and staff from the ND Department of Game and Fish (n = 3). We included personnel from two non-profit organizations involved in waterfowl conservation (n = 2) because they conduct conservation programs in the PPR and often cooperate with private landowners and federal and state agencies to achieve conservation goals. We also interviewed university-based biologists and ecologists (n = 3) about their use of climate change information in research that ultimately supports decisions, including their contributions to the SWAPs. Agency and non-profit staff were involved in state and regional decision-making, but also conducted their own biological and ecological research to support conservation efforts in the PPR.
Participant observation and policy document analysis provided a broader contextual understanding of wildlife management in the PPR. These methods bring greater depth and nuance to data collected through interviews, facilitating triangulation to add confidence in the findings (Bickman and Rog 2009). We conducted participant observation during fieldwork over several weeks in the PPR and at two strategically chosen meetings: the North Dakota Chapter of the Wildlife Society Meeting and the Connections II Workshop, a research-sharing event sponsored by the PPR Landscape Conservation Cooperative. Participant observation includes recording extensive field notes on interactions between people and groups of interest as a way to complement data collected during structured interactions with the researcher (e.g., interviews) (DeWalt and DeWalt 2002).
We analyzed the most recent SWAPs for the five states with lands in the PPR to gain a clearer understanding of regional conservation challenges and climate information needs: Iowa (Iowa Department of Natural Resources 2015), Minnesota (Minnesota Department of Natural Resources 2016), Montana (Montana Fish, Wildlife, and Parks 2015), North Dakota (Dyke et al. 2015) , and South Dakota (South Dakota Department of Game, Fish and Parks 2014) . State wildlife management agencies prepare these SWAPs, which identify conservation challenges and plans for conserving species and habitats. SWAPs are revised every 10 years, and the most recent revisions mandated that all states consider climate change impacts on these species and habitats. The revision process itself has multiple stages over several years, offering entry points for scientific input and public comment.
Interview transcripts, field notes, and SWAPs were analyzed using Atlas.ti software to code, or label, the text-based data. Six a priori codes were based on the interview questions, and additional codes were identified and assigned based on emergent themes that arose during data collection (Table 1) . Since the data from each method complements the others, data from all three collection methods are combined and organized thematically below.
Results

Climate and weather information needs in the Prairie Pothole Region
We found that the driving climate change question in the wildlife management community in the PPR was BWhere will the rain and water be, how much will there be, and when?^Practitioners want to understand how projected changes in precipitation and temperature will impact prairie wetland ecology, particularly as it relates to the spatial distribution of key habitats. Information needed includes spatially-explicit projected shifts in the spatial distribution of rainfall, changes in the amount of precipitation, shifts in seasonality, and how far in the future these changes are projected to occur (Yocum 2017). Interviewees are particularly interested in understanding if projected changes will shift the location of prime waterfowl breeding habitat south and east, as some studies have suggested (e.g., Johnson et al. 2005 Johnson et al. , 2010 . Interviewees also want information about how climate change is expected to impact the frequency and severity of weather and climate-related events at different temporal scales, including seasonal (e.g., drought), inter-annual (e.g., El Niño Southern Oscillation or ENSO), and decadal time scales (e.g., changes in natural dry/wet cycles) whose impacts on habitats and species in the PPR are beginning to be explored.
Rather than simply more climate data, these practitioners and researchers require translational or interpretive information that includes guidance about the quality and appropriateness of use for various applications, especially projected impacts on key habitats and species. These needs are described below. Interview responses are shown in Fig. 2 , and results are summarized in Table 2 .
Guidance
The most cited need identified by interviewees (n = 14; 88%) was guidance on how to select and use climate information currently available, including guidance on the differences between different GCMs and between various downscaled products (n = 9, 56%) and in discerning how precipitation will change at different time scales (n = 12, 75%), particularly as it relates to the recent wet cycle and projected future changes. This is consistent with other studies which found that guidance on selecting and using climate data is one of the most commonly cited needs from user groups (e.g., Maurer et al. 2014) . Although existing guidance documents compare different downscaled products (e.g., IPCC 2010; National Climate Assessment 2010; NOAA GFDL 2018; Trzaska and Schnarr 2014; Wilby et al. 2004; Wootten et al. 2014) , these discussions are often not widely circulated among potential users of climate information and do not adequately interpret how non-climate experts could use this information. Interviewees expressed frustration at perceived hesitation from the climate science community to indicate which of the various scenarios, GCMs, or downscaled products might be the most appropriate for particular management questions. One interviewee explained, BOur big frustration is that a lot of climate change scientists just won't tell you one way or the other. And I understand; they • Decision-making processes
• Sources of climate and weather information
• Uses of climate and weather information
• Impacts of climate change on the PPR
• Information needs
• Social factors considered in decision making
• Decision-making and decision calendars
• Reports and other outputs
• Management options and policies
• Data sources (e.g., institution or individual)
• Weather and climate data sources (e.g., global circulation model) • Manager terms for weather and climate data
• Weather and climate impacts on wildlife and ecology
• Habitat
• SGCN (species of greatest conservation need)
• Communication
• Interactions between climate scientists and users
• Monitoring
• Uncertainty
• Natural variability
• Oil and natural gas development
• Institutional resources, culture, and practice
• Networks (social and professional) don't want to make a judgment call or anything. And so we're kind of coming from the other end where we've got a deadline, we've got a budget, and we've got to get our deliverable out … We need to have the climate science people say 'OK, I would recommend that you use this and here is why.'Ĉ limate information users Our interviews emphasized the importance of understanding the nuances of how climate information is actually being used. Climate information uses we observed include use in ecological modeling, to inform management actions, assess vulnerability or risk, or as general information to inform, e.g., in the SWAPs. This is consistent with a range of uses found by Ray and Webb (2016) .
Furthermore, some interviewees could not be neatly categorized into Bmanagers^who make decisions and Bresearchers^who use climate information in ecological analysis. Federal and state agency staff and non-profit personnel whom we interviewed were responsible for making state and regional wildlife management decisions, but also sometimes conducted their own research and exploratory analysis when available climate impact information did not meet their needs. One state-level wildlife manager reported using both observed and projected temperature, precipitation, and wind data to better understand impacts on game bird populations in vulnerability analyses and regional conservation decisions. Other agency staff have collaborated with university researchers to examine the impacts of ENSO patterns on deer populations to inform hunting license allocations (Ciuti et al. 2014 (Ciuti et al. , 2015 . Understanding the nuanced ways that users engage with and use climate information is one factor which shapes climate information needs and the type of information and guidance needed to help meet them.
The local climate knowledge canon
Any guidance for using climate information needs to place new information into the context of what we call the local climate knowledge canon: key data or papers that have had significant influence in the way that particular users understand and use climate change information. Two key papers in the PPR drove many of the climate information needs voiced by our interviewees. These studies used idealized climate scenarios to force wetland models and project changes to the quality and spatial distribution of waterfowl habitat under particular temperature and precipitation changes (Johnson et al. 2005 (Johnson et al. , 2010 . These studies projected that the best and Number of responses Fig. 2 Climate information needs and barriers identified during interviews most reliable waterfowl habitats would not only decrease, but also shift away from the Dakotas towards Minnesota and Iowa. These findings were incredibly problematic for the waterfowl conservation community and their efforts, since conserving existing wetlands and prairies in the Dakotas is less expensive than acquiring and restoring wetlands already converted to agriculture in Minnesota and Iowa. These papers came up in every interview with practitioners involved with regional waterfowl conservation (n = 10), were discussed at both meetings we attended, and were referenced multiple times in the ND and SD SWAPs. These papers spurred additional studies discussing the implications for a shift in geographic focus of waterfowl conservation activities (e.g., Niemuth et al. 2014) .
Any new climate information encountered by those working in waterfowl conservation is considered against these two studies (Johnson et al. 2005 (Johnson et al. , 2010 , and any guidance on using climate information needs to address this climate knowledge canon. While these practitioners would like clarification on future changes in precipitation and temperature and impacts on prairie wetlands and grasslands, existing climate knowledge can be a Bsticking point^which can hinder the integration of new or conflicting information into natural resource management if not properly addressed (Waylen et al. 2015) . This finding supports Lemos et al.'s (2012) finding that guidance on using climate information must consider previous user experiences and the interplay of old and new climate information in order to be effective.
Is CMIP3 Bstale^?
Interviewees stated the need for guidance on the evolving science of climate projections, including assistance understanding how, when, or even if new information should be used. Half of the interviewees (n = 8) noted concerns about a lag time to move information Bdown the pipeline^from the producers of GCM output into products for use in impact analysis. For example, interviewees want clarification on the differences between CMIP3 and CMIP5 projections for regional shifts in seasonality, precipitation, and temperature so they can determine if existing analyses, decision-support tools, or vulnerability assessments based on CMIP3-e.g., NatureServe Climate Change Vulnerability Index tool (NatureServe 2018. 1 ) used in SWAPs-are still valid, if they need to be updated with CMIP5 data, or if they should wait for the release of CMIP6 to update them. This finding is consistent with other studies (e.g., Maurer et al. 2014) . Although studies available at the time of the interviews explored the differences between the projected impacts of CMIP3 and CMIP5 (e.g., Bureau of Reclamation 2013; Knutti and Sedláček 2013), this information appeared in technical documents and journals and had not yet reached our interviewees, reinforcing the need for more accessible guidance aimed at information users. Additionally, some CMIP3-CMIP5 comparisons (e.g., Knutti and Sedláček 2013) only examine global mean variables, which could differ for management-relevant variables on regional scales. The climate science community will need to continually provide 1 Version 2.1 of the NatureServe Climate Change Vulnerability Index was available during the time that most SWAPs were undergoing revision. In 2015, it was updated to version 3.1, cited herein. updated guidance and translational information as the science evolves, for example when CMIP6 is released.
Additional observational data
Interviewees cited the need for additional observational data in order to enhance understanding of ecosystem responses to current climate. Sixty-nine percent of interviewees (n = 11) identified a need for observation-based weather and climate data coupled with better ecological data to document weatherclimate-ecological relationships, a need reiterated in all five SWAPs and during both meetings we observed. In the PPR, a specific need is long-term weather data and observations related to the hydrologic variables and ecosystem response. For example, few wetland hydrology monitoring sites in the PPR have long enough data sets to identify changing trends in the measures of wetland-related variables (e.g., hydroperiod and evaporative demand) (Beeri and Phillips 2007; Johnson et al. 2004; Millett et al. 2009 ). Better observational data could be used to correlate and document weather-climate-ecological relationships, evaluate and further refine existing vulnerability assessments (e.g., Lawler et al. 2009 ), and detect climate change impacts on species and habitats (Glick et al. 2011; Gonzalez 2011 ) throughout the PPR.
Seasonal forecast and ENSO information
Several interviewees (n = 5, 31%) made specific requests for more information about how climate change will impact the frequency and severity of weather and climate cycles such as drought, ENSO phase, and the natural variability of decadal dry/wet cycles whose impacts on habitats and species in the PPR are beginning to be studied. Wildlife biologists at universities and state agencies have collaborated to examine ENSO impacts on precipitation and temperature in the PPR to better understand weather-climate-ecological relationships, and in turn, to inform management decisions. In one study, ENSOrelated anomalies on winter and spring temperatures were correlated with white-tailed deer population numbers in southwest ND, since longer, colder winters negatively impact the health of the doe, which in turn leads to higher fawn mortality that year but lower fawn mortality in the subsequent year (Ciuti et al. 2014 (Ciuti et al. , 2015 . Interviewees want to know the strength and reliability of the correlation between ENSO phases and temperatures in the PPR in order to use ENSO outlooks to improve estimates of deer populations and inform decisions about hunting allowances. Interviewees also reported ongoing research looking for similar patterns in pronghorn antelope and game bird populations across the PPR. However, both practitioners and researchers need to know the strength and reliability of ENSO impacts on both present and future temperatures and precipitation in the PPR before this information can be used to inform management decisions. Additional research is needed to better understand the impacts of ENSO cycles, droughts, and severe weather on species and habitats, and to understand how climate change will impact these cycles.
Social impacts
These practitioners need more information about how climate change is projected to impact social systems (e.g., land use change), and how those changes will in turn impact key species, ecological communities, and habitats. This was a major need stated in all five SWAPs and was articulated in the majority of interviews (n = 10) and during the workshops we attended. In the PPR, a confluence of social and economic factors combined with the recent wet trend has spurred a shift from winter wheat crop systems which are more amenable to nesting waterfowl populations, to corn and soy, which are not (Rashford et al. 2011) . Complex information on interactions between climate, social, and ecological systems will require collaboration between climate scientists, impact modelers and researchers, social scientists (e.g., Wilby and Dessai 2010) , and in this case, the wildlife management community across scales.
Perceived barriers to using climate information
Climate change is not the only issue that the wildlife management community is dealing with, and these additional issues are part of the decision-making context that affect the use of climate information. In the PPR, these include existing management priorities which compete for limited institutional resources and a lack of basic data on species and habitats. These perceived barriers are unrelated to the quality or availability of climate change information but nevertheless influence its use. While a full discussion of these barriers is beyond the scope of this paper, they are mentioned here to illustrate opportunities for the climate science community to reduce-though not eliminate-them.
The pressure to deal with rapid socio-economic changesparticularly land use change, the conversion of prairie and wetlands to agriculture, and oil and natural gas development-was cited as higher priority than climate change in interviews (n = 12; 75%) and during meetings we attended. Habitat loss, fragmentation, and degradation related to land use change were key threats to conservation identified in all five of the SWAPs. These critical management problems compete for limited institutional resources with longer-term issues like climate change (Niemuth et al. 2014; Ray and Webb 2016) . One interviewee explained, B[Climate change is] not a part of the day-to-day dialogue here. It's just not. Because we're looking at losing wetlands. We're looking at losing grass. We're looking at low reproductive rates. It's hard to look seven chapters ahead.^Another added, BFrankly, if we don't come up with the right public policy solutions now, we won't have to worry about it in 50 years, because we will have lost too much carrying capacity.^Furthermore, several interviewees revealed that they felt less willing to discuss publicly the use of climate information to inform management decisions due to the politicization of climate change.
Interviewees (n = 7, 44%) and all five SWAPs indicated that current understanding of many species' lifecycles is inadequate to identify the weather and climate factors impacting populations, complicating efforts to identify specific climate information needed for decision-support. For example, in ND, basic lifecycle data is available for only 120-150 of the approximately 600 known vertebrate species in the state (Dyke et al. 2015) , while the MN and SD SWAPs cited the lack of species data as a barrier to adaptation planning (Minnesota Department of Natural Resources 2016; South Dakota Department of Game, Fish and Parks 2014) .
Although these barriers cannot be remedied only by delivering better climate science, the climate science community can take actions to reduce them. For example, improved communication and engagement between the climate science and wildlife management communities can decrease the time and effort required to use climate information, relieving some of the pressures related to finite institutional resources (e.g., Meadow et al. 2015) . Such opportunities are discussed below.
Entry points for integrating climate information
The information needs and barriers described above can offer opportunities-or entry points (Ray and Webb 2016) -for climate scientists to engage with users of climate information. We now describe three potential entry points which can help overcome institutional constraints related to limited resources and which capitalize on synergies between the needs and barriers described above.
Research synthesis and guidance as entry points
The continuing advances in climate science and the availability of new climate change information provide the opportunity to offer needed guidance to these practitioners in the form of a synthesis of available climate science aimed at helping practitioners select appropriate climate information to address management questions. This is especially important to help reduce confusion about the seemingly conflicting results in available climate information, the differences between decision-support tools and vulnerability assessments based on CMIP3 and CMIP5, and differences between the various downscaled products and available guidance documents. The local climate knowledge canon also needs to be considered in any guidance or synthesis offered by the climate science community.
As presented above, we found that 75% of the interviewees cited concerns over changes in precipitation occurring at different time scales, particularly pertaining to the recent wet trend occurring in the PPR since the late 1990s, if these changes are caused by climate change, and projected impacts on the natural variability of wet and dry cycles. Confusion about future changes in climate and precipitation that we observed in interviews may stem from the following: (1) studies reporting information about projected temperature and precipitation changes (Kunkel et al. 2013) but not necessarily showing the combined effects of these changes (e.g., evapotranspiration in Ballard et al. 2014) ; (2) language describing Bdrying^and Bwetting^or wetter conditions that in some cases refers to changes in precipitation and in others refers to variables that respond to a combination of the effects of increased precipitation and increased temperature (e.g., the Palmer Drought Severity Index in Ballard et al. 2014 ; wetland cover cycle in Johnson et al. 2005) ; and (3) products based on different climatological periods, generations of GCMs, or which use different downscaling techniques (Ballard et al. 2014; Kunkel et al. 2013) .
To overcome this confusion, climate scientists should provide a synthesis of research findings regarding the evolution of scientific understanding of projected climate changes and, when possible, projected impacts on weather-climateecological relationships in the PPR. A brief example will demonstrate the complex and sometimes conflicting information that this type of synthesis could help clarify. In the National Climate Assessment, Figs. 24-25 in Kunkel et al. (2013) show increases in the ensemble mean for projected temperature and precipitation across the PPR for both the annual average and for all seasons. However, other studies have found that increasing temperatures mean that precipitation increases are likely to be at least partially offset by higher evaporative demand (Ballard et al. 2014; Cook et al. 2014) . Furthermore, the recent wet trend is most likely primarily due to natural variability: only about half of the trend in precipitation can be attributed to radiative forcing (or anthropogenic climate change) and this effect is only in the spring; there is little effect in other seasons (Ballard et al. 2014) . A synthesis of this (and other key references beyond the scope of this discussion) could point out that the differences may be due to the use of two generations of CMIP GCMs (Kunkel et al. 2013 used CMIP3, the other two used CMIP5). The use of different downscaling techniques (dynamic vs. statistical) adds to this complexity.
While the nuances in the climate literature may be familiar to climate scientists, they are more obtuse to many of the interviewees who often do not have training in the climate sciences and who may encounter research results as standalone information-e.g., in a presentation at a meeting, an abstract, or referenced in a publication-without the context that could be provided by a synthesis of information across studies. The findings of the climate studies cited above are complex, and without meaningful guidance as to how to interpret and use these products, practitioners we spoke with struggle to tease out the relevant findings and the impacts on an array of seasonal precipitation and wetland-related variables, particularly as they relate to the local climate knowledge canon discussed above (e.g., Johnson et al. 2005 Johnson et al. , 2010 . Some impact studies have begun to discuss findings from different climate projections and the implications for wetland management in the PPR (e.g., Reese and Skagen 2017; Sofaer et al. 2016) . These types of studies will be increasingly useful in the future, but require collaboration between the climate, biological, ecological science, and wildlife management communities.
Policy and management processes as entry points
Recurring management decisions and iterative policy revisions that are climate-sensitive (Ray and Webb 2016) offer opportunities for the climate science community to engage with the wildlife management community and ecological researchers, provide guidance regarding the selection and use of appropriate climate data, and synthesize the latest scientific findings. Opportunities include the climate vulnerability assessments conducted as part of evolving public policy processes, such as Endangered Species Act listing considerations, the SWAP revisions which take place every 10 years, or annual hunting license quotas. All five SWAPS analyzed cite the need for a better understanding of weather-climate-ecological relationships to inform species vulnerability assessments. Processes for siting conservation easements or oil and natural gas permitting is also an opportunity. Co-productive scenario planning could provide opportunities for iterative engagement between the wildlife management and climate science communities, help make management decisions under uncertainty, and link critical management issues of today with adaptation planning for the future (Fisichelli et al. 2016; Meadow et al. 2015; Murphy et al. 2016; Star et al. 2016) . Increased engagement can also lead to a greater understanding of both the possibilities and limitations of the science and the types of management questions which are climate sensitive.
Trusted sources as entry points
Leveraging trusted sources to provide climate information can be useful in cases where co-production or interaction between the climate science community and information users is not feasible (Dilling and Berggren 2014; Dilling et al. 2015) . Trusted sources include individuals, organizations, or sources of print and digital information. Here, we focus on two trusted online sources of weather information identified by interviewees that could serve as pathways for introducing climate information in the PPR: the USFWS Habitat and Population Evaluation Team (HAPET) and the North Dakota Agricultural Weather Network (NDAWN). HAPET (US Fish and Wildlife Service 2015, www.fws.gov/mountain-prairie/refuges/hapet. php) is part of the Migratory Bird Division of the USFWS and produces spatially-explicit information to support migratory bird management in the upper mid-west region of the USA. HAPET currently provides limited information about the impact of climate change on waterfowl habitat, which could be expanded. NDAWN (North Dakota State University 2018, ndawn.ndsu.nodak.edu) is a free service providing hourly weather data for 72 stations across ND which does not currently provide climate information. Interviewees reported routinely using weather data on NDAWN to inform their short-term management plans, for example, to inform decisions about prescribed burning to manage invasive plant species. Both HAPET and NDAWN could be platforms for the dissemination of climate information and serve to connect providers and users of climate change information.
Conclusion
We used interviews, policy document analysis of State Wildlife Action Plans, and participant observation to identify climate information needs for the wildlife management community in the PPR. We found that climate information needs are driven by questions about how projected changes in future precipitation and temperature will impact prairie wetland and grassland habitat and dependent species. Practitioners we spoke with need guidance in understanding, selecting, and applying available climate information, and they face both science-related and social barriers to integrating climate information into decisionmaking. These findings are consistent with the growing literature on climate information needs; however, our findings highlight the importance of putting new climate information or guidance in the context of actual ways that climate information is already being used and understood. This includes considering the nuanced ways that practitioners and researchers may use climate information to conduct their own exploratory analysis and the importance of the local climate knowledge canon in shaping regional understanding of the current climate and projected climate change. Additional research on the roles of natural resource managers and how they actually use climate information could help the climate science community better understand the decision-making context in which climate information could be used.
We recommend that guidance on using climate information could come in the form of a synthesis that describes the differences between available and updated GCMs, and between various downscaled products, that interpret what these differences might mean for applications of this information in ways that are accessible and understandable for the natural resource management community. Additional efforts are needed in the climate science community to engage with users of climate information to produce these guidance documents. Such a synthesis could be useful during recurring management decisions or policy updates, provided along with existing trusted sources of climate and weather information. Leveraging these existing policy processes or information sources can potentially increase engagement between the climate science and wildlife management communities and reduce costs associated with using climate information to inform decision-making.
Our work points to the importance of identifying the particular social and ecological aspects of the decision-making context. These contexts will shape what useful information will look like for those particular sectors, regions, or users. Understanding this decision-making context and how climate information fits into complex social and ecological systems will require increased engagement between the climate science and management communities, and continued interdisciplinary work on climate change impacts and adaptation. Additional research is needed on how particular sources of climate information become part of the local climate knowledge canon, and to what extent this canon facilitates or prevents the incorporation of new climate information into institutional decisionmaking practices in the wildlife management and other sectors. These insights will contribute to increasing the usability of climate and weather information for practitioners and researchers in the PPR and for other sectors and regions.
